We present constraints on supernovae type Ia (SNe Ia) progenitors through an analysis of the environments found at the explosion sites of 102 events within star-forming host galaxies. Hα and GALEX near-UV images are used to trace on-going and recent star formation (SF), while broad band B, R, J, K imaging is also analysed. Using pixel statistics we find that SNe Ia show the lowest degree of association with Hα emission of all supernova types. It is also found that they do not trace near-UV emission. As the latter traces SF on timescales less than 100 Myr, this rules out any extreme 'prompt' delay-times as the dominant progenitor channel of SNe Ia. SNe Ia best trace the B-band light distribution of their host galaxies. This implies that the population within star-forming galaxies is dominated by relatively young progenitors. Splitting SNe by their (B-V) colours at maximum light, 'redder' events show a higher degree of association to H II regions and are found more centrally within hosts. We discuss possible explanations of this result in terms of line of sight extinction and progenitor effects. No evidence for correlations between SN stretch and environment properties is observed.
INTRODUCTION
Type Ia supernovae (SNe Ia henceforth) are considered to arise from the accretion of matter onto a white dwarf (WD) star in a binary system. This process is thought to increase the WD mass to the point where ignition leads to a runaway thermonuclear explosion of the WD system (see Wang & Han 2012 and Maoz et al. 2014 for recent reviews). Indeed, for the very nearby SN Ia SN 2011fe, the primary progenitor star was directly constrained to be a compact degenerate object for the first time (Nugent et al. 2011; Bloom et al. 2012 , also see SN 2013dy, Zheng et al. 2013) . However, many processes remain poorly constrained meaning that we still have little idea on the exact explosion physics or the progenitor parameter space that permits a successful explosion. These issues are particularly pertinent given the use of SNe Ia in many areas of astrophysics. SNe Ia have been used as accurate distance indicators, which led to the discovery of the accelerated expansion of the Universe (Riess et al. 1998; Perlmutter et al. 1999) . In addition, SNe Ia are the main producers of iron peak elements in the Universe and hence are particularly important for understanding chemical evolution processes (see e.g. Matteucci et al. 2006 ; ⋆ E-mail: janderso@eso.org Kobayashi & Nomoto 2009 and references therein) .
While the exact details of the progenitor systems remain unclear, the two most popular are the single degenerate (SD), and double degenerate (DD) scenarios. In the SD scenario (e.g. Whelan & Iben 1973 ), a WD accretes matter from a companion MS or RG star, increasing its mass towards the Chandrasekhar mass, which leads to carbon ignition and ensuing explosion. In the DD scenario (e.g. Iben & Tutukov 1984) , a double WD system loses angular momentum due to gravitational wave emission, leading to coalescence and explosion. There also exist scenarios where the WD ignites and explodes at masses both below (e.g. Nomoto 1982) and above (e.g. Hachisu et al. 2012 , Pakmor et al. 2012 and references therein) the Chandrasekhar mass. Indeed, Scalzo et al. (2014) showed that a significant fraction of 'normal' SNe Ia explode with significantly sub-Chandrasekhar ejecta masses. Various lines of evidence have been presented, much coming in recent years, however a preference for one specific progenitor system for the majority of SNe Ia events is still lacking.
The initial classification of SNe into massive stars which corecollapse (CC SNe), and lower mass progenitor systems which lead to thermonuclear explosions was given credence by the observation that CC SNe (SNe II and SNe Ibc) are exclusively observed to occur in star-forming galaxies, while SNe Ia are found to ex-plode in all galaxy types (e.g. van den Bergh et al. 2002) . Given that elliptical galaxies are dominated by old stellar populations, this constrains at least a fraction of the progenitors of SNe Ia to be similarly evolved systems. More involved studies have investigated how the SN Ia rate changes with redshift together with host galaxy properties such as colour, mass, star formation rate (SFR), and specific SFR (sSFR) (e.g. Strolger et al. 2004; Mannucci et al. 2005; Förster et al. 2006; Sullivan et al. 2006 ). These results have been used to constrain the delay time distribution (DTD) of SNe Ia (distribution of times between epoch of star formation, SF, and explosion), with claims of 'prompt' and 'tardy' components (see e.g. Scannapieco & Bildsten 2005; Mannucci et al. 2006) . Indeed the SN Ia rate is consistent with the 'prompt' component being proportional to the SFR, and the 'tardy' component being consistent with stellar mass of host galaxies (see e.g. Sullivan et al. 2006 , and more recently Smith et al. 2012) . DTDs have also been derived using the star formation history (SFH) of galaxies within a given SN search program (Maoz et al. 2011 (Maoz et al. , 2012 .
The defining characteristic that has allowed SNe Ia to be used as distance indicators, is their low intrinsic peak luminosity dispersion (∼0.35 mag, Branch & Miller 1993) . This dispersion is lowered further once correlations between luminosities and both SN decline rates and intrinsic colours are adopted (Phillips 1993; Hamuy et al. 1996a; Riess et al. 1996) . Investigations have proceeded to find correlations between light-curve parameters and host galaxy properties. Hamuy et al. (2000) (following Hamuy et al. 1996b) found that brighter SNe Ia are preferentially found within younger stellar populations. These initial results have been confirmed (see e.g. Johansson et al. 2013 ) and further investigated, with indications that brighter events also prefer lower metallicity galaxies (Gallagher et al. 2008; Howell et al. 2009; Neill et al. 2009 ). These differences would only be important for cosmological studies if correlations remained after SN luminosities had been corrected for light-curve properties. Numerous recent studies have concentrated on searching for such correlations with Hubble residuals. Indeed, evidence has now been presented from multiple independent investigators that Hubble residuals show correlations with host galaxy properties, in particular galaxy mass (Kelly et al. 2010; Sullivan et al. 2010; Lampeitl et al. 2010; Gupta et al. 2011; D'Andrea et al. 2011; Johansson et al. 2013; Hayden et al. 2013; Childress et al. 2013; Pan et al. 2014 ). This could have important consequences for the continued use of SNe Ia as accurate distance indicators out to higher redshifts, if these effects are not properly accounted for. While determining whether stellar population age or metallicity is the driving factor behind these correlations is somewhat difficult, several studies have strongly argued that progenitor age is the dominant parameter, with lower mass, higher sSFR galaxies producing younger SN Ia explosions (Childress et al. 2013; Johansson et al. 2013; Rigault et al. 2013) .
While many large samples of global SN Ia host galaxy property studies have now been published, studies of the environments of SNe Ia within host galaxies, such as those now regularly seen for CC SNe (see e.g. Modjaz et al. 2008; Kelly & Kirshner 2012; Anderson et al. 2012 and references therein), are, to-date rare in the literature. The obvious reason for this is the significantly older progenitor populations of SNe Ia -and the therefore increased delay between SF and explosion-implies that the majority of SNe Ia will explode far from their birth places. This could then restrict the relevance of information that can be extracted from such studies. However, some work in this direction does exist.
The first approach involved investigating the radial distribution of SNe, to see whether different SNe Ia preferentially occur at specific radial positions within galaxies. Given that stellar population properties such as age, extinction, and metallicity change with radial positions, one can associate SN properties to those of the stellar populations found at those same regions. Wang et al. (1997) first suggested that there is a deficit of SN Ia in the central parts of galaxies, which was not observed for CC SNe. Ivanov et al. (2000) correlated SN properties with galactocentric radii and found that the range in brightness and light-curve width of SNe Ia increased with increasing radial distance from the centres of host galaxies, suggesting this was a progenitor age effect. Förster & Schawinski (2008) analysed the radial distribution of SN Ia in elliptical galaxies, finding that there was no statistical difference between the radial distribution of SN Ia and the light profile of their hosts. They concluded that this implied that some SN Ia progenitors do have delay times of several Gyr. More recently, Galbany et al. (2012) found that the average SN extinction and colour was correlated with radial position. Wang et al. (2013) have claimed that two distinct populations of SNe Ia exist, apparently implied from differences in the ejecta velocities of SNe found within the inner and outer regions of host galaxies. However, recently Pan et al. (2015) presented a separate analysis where the same trend was observed but with less significance.
To further investigate the local environments of SNe, one can analyse the properties of the stellar populations at the exact site of SNe. Kelly et al. (2008) employed pixel statistics (in a very similar fashion to that which we will use in the current analysis) finding that the SNe Ia population statistically followed the distribution of g ′ -band light of their hosts, in a similar fashion to SNe II. Comparing those statistics to an analytical model of spiral galaxy light distributions, Raskin et al. (2009) concluded that even the most 'prompt' SNe Ia have delay times of more than a few 100 Myrs. Wang et al. (2013) found that SNe Ia with higher ejecta velocities fall on brighter regions of their hosts than those with lower measured velocities. In addition, Rigault et al. (2013) showed that SNe Ia occurring in regions with detected Hα emission are 'redder' than those exploding where no emission is found. Meanwhile, Galbany et al. (2014) published a study of SNe environments using integral field spectroscopy (IFS). They showed through a variety of indicators that SNe Ia were found to occur further from star-forming regions than CC SNe. In addition they found that the SNe Ia location properties were on average the same as those measured globally. It is clear that future IFS studies will be particularly revealing for SN environment analyses. Most recently Kelly et al. (2014) demonstrated that SN Ia falling on regions of high UV surface brightness and SF density, appear to show significantly lower Hubble residuals, hence improving the accuracy of a sub-set of SN Ia as distance indicators. This result was actually predicted in Childress et al. (2014) who suggested that SN Ia selected exclusively from star-forming host galaxies would yield a more cosmologically uniform sample.
In summary, SN environment analyses to-date have shown some intriguing results, which despite the significant delay times of their progenitors, demonstrate that these types of studies can indeed be revealing for SNe Ia. As expected, SNe Ia explode in distinct environments to CC SNe (see e.g. initial study in James & Anderson 2006) , confirming their older progenitors. There appears to be a deficit of SNe in the central regions of star-forming galaxies, which perhaps implies that the old bulge populations of these galaxies are not significant producers of SNe Ia. Meanwhile, environment studies suggest that at least a significant fraction of SN Ia colour diversity is produced by host galaxy extinction, due to the preference of 'redder' SNe for more central regions and for higher Hα c 2013 RAS, MNRAS 000, 1-21 flux environments. There is also an intriguing suggestion that environments can be used to select SNe samples with lower Hubble residuals. However, the above also shows that environment studies are still somewhat in their infancy, particularly when compared to studies of light-curve properties. Investigations have generally concentrated on one specific measurement, and often suffer from insufficient statistics. Hence, a more wide ranging study of SN Ia environments, which attempts to bring together many of the aspects of the above is warranted.
In the current paper we further investigate the properties of the immediate environments of SNe Ia within star-forming host galaxies, using multi-colour host galaxy pixel statistics, and the radial distribution of events with respect to both SF and the older stellar continuum population. This follows from James & Anderson (2006) where a small sample of SNe Ia were analysed using these techniques.
The paper is organised as follows. In the next section we discuss the SN and galaxy samples, and summarise how we obtained our data and their reduction. In § 3 the statistical methods we employ are discussed, and in § 4 the results are presented. This is followed by a discussion of their implications for our understanding of SNe Ia transient and progenitor properties in § 5. Finally we summarise and list our main conclusions in § 6.
SUPERNOVA AND HOST GALAXY SAMPLES
The sample we study is a compilation of SNe and their host galaxies from the literature. Initially, the sample was formed from SNe which had occurred within the Hα Galaxy Survey (HαGS; James et al. 2004 ), a representative survey of star-forming galaxies within the local Universe. Since the analysis of those data (James & Anderson 2006) , a significantly larger sample of Hα and R-or r ′ -band host galaxy observations have been obtained. The only criterion for obtaining these data was that a) host galaxies had recession velocities less than 6000kms −1 so that we can probe distinct stellar populations 1 , b) that host galaxies had major to minor axis ratios of less than 4:1 to reduce issues with chance superpositions of foreground or background stellar populations onto SNe explosion sites, and c) hosts were targeted where individual SNe had published photometry, so that light-curve parameters could be derived and compared to environmental information. Our initial aim to investigate the association of SNe Ia with SF within galaxies restricts our sample to star-forming late-type galaxies. Later we will analyse and discuss possible systematics that this may bring to our conclusions. The sample of SNe and their host galaxies is listed in Table 1 , together with derived SN light-curve parameters. Before describing host galaxy observations, we outline the methods for extracting light-curve parameters for our sample using literature photometry.
Light-curve parameters
In addition to analysing the environments of SNe Ia as an overall population, it is also fruitful to analyse whether specific SN Ia properties show correlations with their environment. This is motivated by differences in SNe light-curve parameters found with global galaxy properties. Observables of individual SNe Ia can be extracted from their optical light-curves. To proceed, literature photometric data was searched for all SNe in our sample. Where useful photometry was found we list the source in Table 1 . We then use SIFTO (Conley et al. 2008 ), a light-curve fitter that uses spectral template time series that are adjusted to the observed colours of SN Ia photometry to obtain values of B-band maximum date, a light-curve width parameter or 'stretch' of the time-axis relative to the template, and multiplicative factors for each band from which an observed (B-V)max colour is obtained. In order to include photometry in our analysis we require that for colour estimations at least one photometric point is available between -15 and +8 days, and one available between +5 and +25 days with respect to B-band maximum in both the B and V bands. In the case of stretch we include SNe if data is available in only one of these bands (or other filters). Furthermore, we only include light-curve fits which give stretch values in the range 0.4-1.6. Redshift and Galactic extinction are additional inputs to the fitter. The fitted colour is a combination of intrinsic colour and host reddening, for which no extinction law is applied. We recall that stretch is highly correlated with SN brightness, with higher stretch events being intrinsically brighter SNe (Perlmutter et al. 1997 ). The resulting light-curve parameters are listed in Table 1 . 
Host galaxy observations
The principal aim of this work is to analyse the association of SNe Ia with SF within their host galaxies. To proceed with this aim we use our own Hα imaging, plus GALEX near-UV imaging taken from the GALEX database 3 . The original Hα imaging galaxy sample was taken from the HαGS survey. Additional data has since been obtained through various time allocations, and the sample we present here is of Hα plus R-or r ′ -band (henceforth we will refer to both of these as simply 'R-band') imaging of 102 SN Ia host galaxies. In addition to Hα and near-UV imaging which we use to trace SF on differing time scales, we also analyse host environment properties using R-band imaging together with B-band, plus J-and K-band near-IR images. Next each dataset which forms our sample is discussed in detail, documenting how they were obtained, their reduction, and finally what type of information can be gained by analysing host galaxy imaging at those specific wavebands.
Host galaxy Hα and R-band imaging
Hα line emission within galaxies traces regions of young ongoing SF. The emission is produced from the recombination of interstellar medium (ISM) hydrogen atoms after ionisation from the intense UV flux of young massive stars. The massive stars which make the dominant contribution to this ionising flux are of >15-20 M⊙, and therefore H II regions within galaxies are thought to trace SF of ages of less than ∼10 Myrs (Kennicutt 1998) . This is obviously much younger than even the most 'prompt' SN Ia scenarios (Aubourg et al. 2008 ). However, it will be shown that an Stritzinger et al. (2011) during February 2010. WFI has a pixel scale of 0.238 ′′ per pixel. While the exact details of observing strategy changed slightly between different telescopes and instruments, overall procedures were very similar. Generally three 300 second Hα exposures were obtained, followed by one 300 second broad-band R-band images. Standard imaging reduction techniques were employed using IRAF 9 to first bias-subtract then flat-field all science frames. A range of foreground stars were then used to obtain a scaling factor between the narrow and broad-band observations. After scaling, the broad-band images were subtracted from the Hα observations. This leaves only the Hα line emission within host galaxies, ready for analysis. Finally, images were astrometrically calibrated using the Starlink package ASTROM, enabling sub-arcsecond location of the SN explosion sites.
GALEX data
Hα line emission within galaxies traces the most recent, on-going SF regions of ages less than 10 Myrs. Given that this is a much shorter timescale than even the youngest hypothesised SN Ia Table 1 . Information on the SN sample analysed in this work, together with estimated light-curve parameters and references for photometry. In the first column we list the SN name, followed by the host galaxy in column 2. Then in columns 3 and 4 respectively we list the Hubble type and recession velocity of each host galaxy (information taken from NED: http://ned.ipac.caltech.edu/). This is followed by the derived light-curve parameters for each SN: stretch followed by (B-V)max (the B-V colour at maximum light). In column 7 we list the reference for SN photometric data (where we only include data if the light-curve fits passed our selection criteria).
1 Classification from IAU SN catalogue 2 Classification as SN Ia from Sandage & Tammann (1993) 3 While this galaxy is classed as Hubble type S0 (i.e. no, or very little SF), there is definitely large amounts of detected Hα line emission produced by on-going SF 4 Galaxy is classified as S0, but significant on-going SF is detected 5 Galaxy is classified as S0, but significant on-going SF is detected progenitors, we also choose to investigate the association of SN Ia explosion sites with SF of older ages. Near-UV emission within galaxies is thought to trace SF out to older ages (∼100 Myr, see e.g. Gogarten et al. 2009 ). In the rest of the manuscript we will refer to near-UV imaging as tracing recent SF (in place of on-going with respect to that traced by Hα). We searched the GALEX archive for near-UV images of our sample. Data were available for 74 SN Ia host galaxies and GALEX near-UV 'intensity maps' were obtained, which come astrometrically calibrated ready for analysis. These data have scales of 1 ′′ per pixel.
INT B-band data
B-band imaging was obtained with the WFC on the Isaac Newton Telescope (INT). Exposure times of ∼500 seconds were employed and the WFC gives images of 0.333 ′′ per pixel scale. Standard imaging reduction techniques were employed to first bias-subtract then flat-field all science frames. Images were then astrometrically calibrated and accurate SN positions on reduced images were obtained.
NOT nearIR data
To obtain near-IR J-and K-band imaging the Nordic Optical Telescope (NOT) was employed using NOTCam. The instrument was used in wide field imaging mode which results in images with a FOV of 4 ′ ×4 ′ and a pixel scale of 0.234 ′′ per pixel. A total J-band exposure time of 200 seconds was used, split into 4×50 second exposures. To account for the varying near-IR sky, frames offset from host galaxies were observed with the same exposure times as those used for science frames. Therefore 50 second exposures were taken on target, then offsets of 250 ′′ were applied to slew to sky positions. Within this sequence positions were dithered by 10 ′′ to remove stars from the sky frames and bad pixel defects on the detector. A similar process was employed for the K-band images with a total exposure time of 900 seconds split into 9×100 second exposures. Differential flat fields were obtained at either the start or the end of each observing night. Sky flats with low count levels were subtracted from similar frames with high levels and then the resulting flat field was normalised. Each subsequent sky frame was subtracted from its corresponding science frame. Each resulting sky-subtracted science frame was then divided by the normalised flat field. These resulting frames were then combined using median stacking. Images were then astrometrically calibrated as above. However, in many cases there were insufficient stars within the relatively small field of view of NOTCam to enable an astrometric solution. In these cases SN positions were calculated using offsets of SN coordinates from galaxy centres (with SN positions being taken from either the IAU SN list or NED, and galaxy centre coordinates taken from NED). Offsets were transformed to NOTCam pixel x and y offsets, and SN positions on the images were calculated using the peak of the J-or K-band flux on each image as the galaxy centre. To check the validity of this process, SN positions were also calculated in this way for images where an astrometric calibration was possible and the two methods were compared. In general SN pixel positions were consistent between the two methods, and NCR values (see below) were also consistent between the two pixel coordinate values. The difference in the mean NCR values between the 21 SNe where the above comparison was possible in the J-band is 0.008, while for 20 SNe in the K-band the difference is 0.023.
Stellar populations traced by different wavebands
In this work we analyse the association of SNe Ia within starforming hosts with galaxy light distribution in a range from Hα through optical wave-bands to K-band near-IR observations. Each waveband analysed (Hα, near-UV, B-, R-, J-and K-band) traces different stellar population properties. Hα emission traces SF on the shortest timescales of less than ∼10 Myr. Near-UV emission traces SF on longer timescales out to ∼100 Myr. When one moves to analyse broad-band observations at longer wavelengths direct age constraints become less clear. However, stellar population models appear to be in agreement that as one moves redwards then the older stellar mass of a stellar population/galaxy starts to contribute more significantly (see e.g. Worthey 1994, and Schawinski et al. 2007 who used the models of Maraston 2005) . While it is generally assumed that young populations still dominate the flux detected through the B-band filter, the K-band light in most stellar populations is assumed to be dominated by the old stellar mass of that population (e.g. Mannucci et al. 2005) .
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Following the above, we can speculate that if a SN distribution better traces that flux observed through a redder filter, then the dominant age of the progenitor population may be larger than that of a distribution which traces flux observed through a bluer filter. The above is obviously only a first order approximation, and one should be careful to draw strong conclusions following these arguments, especially given the effects of metallicity and extinction. However, in the following sections we will use this argument as a guide to understand the distributions derived, while stressing the uncertainties involved. In § 5.1.1 we present further constraints on the stellar population properties probed by our broad-band images.
ANALYSIS METHODS
The procedures for obtaining results from the statistical methods we use here, were first presented in James & Anderson (2006) , and have been further outlined in their application to CC SN host galaxy samples in Anderson & James (2008) Habergham et al. (2014) . Below we briefly outline our methods, but refer the reader to those previous publications for more detailed documentation.
Pixel statistics
In James & Anderson (2006) , a pixel statistics method was introduced which was created to give a quantitative measure of the association of individual SNe to the underlying SF present within galaxies. This method produces, for each pixel within an image a value (dubbed 'NCR', Anderson & James 2008) between 0 and 1 which indicates where within the overall host galaxy SF distribution each pixel is found (note a very similar technique was independently developed by Fruchter et al. 2006) . Images are first trimmed to remove non-galaxy regions of the field of view, and are then binned 3×3 (in order to reduce the affects of inaccurate SN coordinates and/or image alignment)
11 . Pixels within each image are then ordered in terms of increasing count. From this ordered list we then form the cumulative distribution. Each pixel is then assigned an 'NCR' value by dividing the cumulative pixel count by the total of the cumulative distribution. All pixels forming part of the negative cumulative distribution are set to an NCR value of zero (either sky or zero flux pixels). Hence, all pixels have a value between 0 and 1, where a value of 0 indicates that the pixel is consistent with zero flux or sky values, whereas a pixel value of 1 means that the pixel has the highest flux count within the image. To build up NCR statistics for SN populations one simply takes the pixel where each SN falls and calculates its corresponding NCR value.
In the case of the current sample we apply this technique to each SN with respect to its Hα image, and in addition with respect to its GALEX near-UV image, broad-band optical B and R images, and near-IR J-and K-band images. The resulting NCR values are listed in Table A1 . Any population which directly follows the spatial distribution of light traced by each wave-band will show a flat distribution of NCR values with a mean value of 0.5. Whether a distribution follows such a one-to-one relation or not, then provides constraints on progenitor properties. In the cumulative plots below if a distribution accurately traces the light detected through a given filter, then one expects the distribution to follow the diagonal one-to-one line shown on each plot.
Spatial resolution
During the above description of our data sets, we have detailed the pixel scale of each distinct set of observations. During our processing of the host galaxy images, most data are binned 3×3 which means all images (UV through to near-IR) have NCR values which probe counts at a detector resolution of ∼1 ′′ . However, in some cases the seeing during observations was considerably worse than this. Of all observations the image quality in the B-band was the worst, hence we use these data to present a limiting case of the spatial resolutions probed within galaxies through our NCR statistic. The median seeing as measured on B-band images was 1.6
′′ . The median recession velocity of our galaxy sample is 2647 kms −1 , which equates to a distance 36.3 Mpc. These two values give a median spatial resolution probed within galaxies of ∼280 pc. Hence, we resolve SN Ia host galaxies into a significant number of elements through our pixel statistics.
Radial analysis
While pixel statistics can give one information on the stellar population at exact explosion sites, SNe Ia have significant delay times and hence are likely to explode at considerable distances from their birth sites. One method to further explore the environments of SNe is to investigate where they explode with respect to the radial distribution of different stellar populations. Within star-forming galaxies different age and metallicity stellar populations are found at different characteristic galactocentric radial positions. Therefore one can investigate where SNe are found within these more generalised galaxy trends, and further infer progenitor properties.
In James & Anderson (2006) we introduced a statistical radial analysis of host galaxies, which compares the radial distribution of SNe to those of stellar populations as traced by the continuum R-band light, and the Hα emission respectively. To obtain these 'Fr' fractional flux values one proceeds in the following fashion. For each host galaxy elliptical apertures of increasing size are produced, centred on the galaxy central coordinates, and calculated using the position angle and ratio of major to minor axis of the galaxy (taken from NED). One then finds the aperture which just includes the SN position. The flux (both of the narrow and broad-band emission) within that aperture is then calculated, and normalised to the total galaxy emission by dividing by the flux within an aperture where the cumulative flux of the galaxy has become constant as one goes to larger galactocentric radii. Hence, each SN has a radial value corresponding to the continuum R-band light (FrR), and one corresponding to Hα emission (FrHα) between 0 and 1. A SN having a Fr value 0 would indicate that the SN exploded at the central peak Hα or R-band pixel of the galaxy, while a value of 1 means that the SN falls on an outer region where the galaxy flux is negligible above the sky. FrR and FrHα SN Ia distributions are hence built. If a SN population directly follows the radial distribution of the broad-or narrow-band light, then the distribution of Fr values is expected to the flat. Therefore, we can investigate how the different samples are associated with the radial positions of different stellar populations. These techniques have been applied to CC SN samples in Anderson & James (2009); Habergham et al. (2010 Habergham et al. ( , 2012 and Habergham et al. (2014) .
RESULTS

Pixel statistics
Hα
We present the overall SNe Ia Hα NCR pixel distribution with respect to other main SN types in Figure 1 (note, an in-depth analysis of the CC SN sample was presented in Anderson et al. 2012) . It is immediately apparent that SNe Ia show the lowest degree of association with the on-going SF (as seen previously by Bartunov et al. 1994 , James & Anderson 2006 and most recently Galbany et al. 2014) . This is to be expected if, as generally assumed, SNe Ia arise from some system containing a WD, i.e. a relatively old progenitor population. The mean Hα NCR value (98 events 12 ) is 0.157, with a standard deviation of 0.253, and a standard error on the mean of 0.026. This compares to mean values of 0.254 (162.5 SNe), 0.303 (40.5) and 0.469 (52), for the SN II, SN Ib and SN Ic distributions respectively. Nearly 60% of SNe Ia within star-forming galaxies fall on zero Hα flux (down to the limits of our observations, see Anderson et al. 2012) . Using a Kolmogorov-Smirnov test (KS-test) we find that there is less than a 0.1% probability that the SN Ia and SN II distributions are drawn from the same parent population. The SN Ia distribution does not follow the on-going SF within galaxies. As distributions move away to the upper left from the black diagonal (a hypothetical distribution, infinite in size, that accurately traces the underlying on-going SF), they are showing a lower association to the emission. (We note that this plot is the same as that presented in Anderson et al. 2012.) Given that Hα emission is generally thought to be produced from the ionising flux from stars less than 10 Myr old (Kennicutt 1998 ), this result is consistent with even the youngest predicted timescales for SN Ia progenitors (see e.g. Aubourg et al. 2008 ).
Near-UV
In Fig. 2 the cumulative NCR distributions are shown for 74 SNe Ia, with respect to both Hα, and GALEX near-UV emission. The SN Ia distribution shows a higher degree of association to the UV emission than that of Hα. However, it still appears that SNe Ia do not accurately trace recent SF. The mean near-UV NCR value is 0.292 with a standard deviation of 0.292 and a standard error on the mean of 0.034. This compares to a mean Hα NCR value, for the same 74 events of 0.175 (standard deviation of 0.224, standard error on the mean of 0.026). Using a KS-test we find that there is a 0.5% chance that the SN Ia distribution shows the same degree of association to both the Hα and near-UV emission. We also find that there is less than 0.5% chance that the SN Ia and SN IIP distributions, with respect to the near-UV emission, are drawn from the same parent population. Finally, the SN Ia near-UV distribution has a less than 0.1% chance of being drawn from a flat distribution, i.e. one that accurately traces the recent SF. This result suggests that at least the majority of SNe Ia found within star forming galaxies do not explode on the timescales of <100 Myr traced by near-UV emission (Gogarten et al. 2009 ).
Multi wave-band NCR statistics
In Fig. 3 we present the NCR distributions of SNe Ia for multiple wavelength observations. The mean NCR values together with KS-test results of each distribution between that wave-band and a flat distribution are presented in Table 2 . The SN Ia population best traces the B-band host galaxy light, followed by the R-band light distribution. The SN Ia population does not follow the host galaxy light distribution in Hα, near-UV, nor the J-and K-bands. We speculate that this indicates that the SN Ia progenitor population in spiral galaxies does not arise from either the very young populations of less than a few 100 Myrs (that traced by Hα and near-UV emission), but neither is it dominated by long lived population of several Gyrs (i.e. that traced by the J-and K-band light). The fact that the SN Ia population most closely follows the B-band light indicates that the progenitor population in late-type galaxies is dominated by relatively young systems.
It is also interesting to note how the different wave-band distributions compare to each other with respect to the values of individual SNe. Using the Pearson's test for correlation, we find that nearly all wave-bands NCR values show significant correlation 13 . This means that if a SN has an NCR value near the top (or bottom) of the distribution in e.g. the R-band, then it is likely to have an NCR value near the top (or bottom) of the distribution in e.g. Hα, although the absolute NCR values may be significantly offset. The only wavebands that do not show significant correlation are: K and near-UV; K and Hα; and perhaps surprisingly near-UV and Hα. While a full discussion of the significance of these trends is beyond the scope of this paper, one may speculate that this indicates that while there are differences between the stellar populations traced by these different observations, the populations cluster together, i.e. where one finds significant flux of stellar light (e.g. B-and R-band) one also finds peaks of SF (Hα and near-UV). An analysis comparing pixel statistics between different wave-bands, and including all host galaxy pixels (i.e. not just those where SNe have exploded), 13 Where we define significant correlation as a Pearson's r-value higher than 0.5. Table 2 . NCR statistics for the 6 distinct wave-band analyses. In the first column the wave-band is indicated, followed by the number of SNe and host galaxies analysed in column 2. In column 3 the mean NCR value for each distribution is presented. Finally in column 4 the chance possibility of each distribution following a flat distribution is listed, as calculated using the KS-test. (Note, if we only analyse those SNe common to all wave-bands, the results are completely consistent with the above.) may give interesting constraints galaxy SFHs. Such analysis, independent of SN studies, will be the focus of future work.
Hα pixel statistics with respect to event properties
SNe Ia light-curve stretch values were estimated for 56 SNe within the sample, as outlined in § 2.1. We split this sample by the median stretch of 0.978 and resulting Hα NCR cumulative distributions are shown in Using a KS-test, this difference is significant at the ∼10% level (in addition the mean values are different at the 3 sigma level). An underlying difference in the sense that 'redder' SNe Ia are more likely to be found nearer/within bright H II regions could be explained by the fact that within bright H II regions SNe are likely to suffer from higher degrees of line of sight extinction. It is also possible that progenitor properties could play some role.
Near UV pixel statistics with respect to event properties
Now we repeat the analysis presented in the previous section but with respect to near-UV in place of Hα emission. There are some host galaxies within our Hα sample that do not have corresponding near-UV images available. Therefore for this sub-sample with available images we re-calculate median stretch and (B-V)max values, finding 0.984 and 0.105 respectively. The mean near-UV NCR values for the stretch distributions are 0.253 (0.267, 0.057) and 0.266 (0.307, 0.067), for the high and low stretch SNe respectively, i.e. we find no statistical difference between the association of low and high stretch to recent SF, as shown in Fig. 6 . This suggests that even the most 'prompt' SNe Ia found within star-forming galaxies -which are likely to be related to the higher stretch populationdo not have delay times less than a few 100 Myrs. The (B-V)max distributions, when split by the median value of 0.105 are shown in Fig. 7 . It appears that 'redder' events show a higher degree of association to the near-UV emission than the 'bluer' ones. Again this trend is probably most easily explained by these SNe suffering from higher extinction from line of sight material, but we stress the possibility of progenitor properties playing some role. Below we further investigate the environments of the 'reddest' events in our sample. We note that if we repeat the above analysis with respect to the other wavebands analysed above we do not observe any significant differences between the stretch or colour samples.
Radial analysis
Here we present results from the fractional radial analysis, the methods for which were outlined in § 3. We ask two main questions: 1) does the radial distribution of SNe Ia within host galaxies accurately trace the R-band stellar continuum population, or more accurately the Hα emission, a tracer of the on-going SF within host galaxies? 2) If we split the SN Ia distribution by light-curve parameters, do specific types of SNe Ia occur at different characteristic radial positions within galaxies? We start by analysing the overall radial distributions 14 .
Overall SN Ia radial distributions
In Fig. 8 a histogram of the radial distribution of SN Ia with respect to the stellar continuum of their hosts is presented. The mean 14 We do not present Fr distributions with respect to the other wave-bands analysed through our NCR method above. While pixels statistics give specific information at the exact location of each SNe, the Fr analysis is a much more crude environment property estimator, where differences between similar wave-length observations are not significant. In order to not overload the reader with additional analysis and figures we choose present only the Hα and R-band analysis in this section. FrR for the overall SN Ia distribution (99 SNe) is 0.554 (standard deviation of 0.261, standard error on the mean of 0.026). Hence, the distribution appears to be slightly biased towards larger radial distances when compared to the R-band light. There appears to be a central deficit of SNe Ia, and indeed this deficit is seen when we apply a KS-test between the SN Ia FrR and a flat distribution. We find a ∼7% chance that the SNe Ia accurately traces the radial R-band distribution of their hosts. The easiest way to interpret this Figure 6 . GALEX near-UV cumulative pixel statistics plot with SNe Ia (in star-forming galaxies) split into those above and below the media stretch value of the sample of 0.984. The SN IIP distribution (with respect to near-UV emission) is shown for reference Figure 7 . GALEX near-UV cumulative pixel statistics plot with SNe Ia (in star-forming galaxies) split into those above and below the median (B-V)max of 0.105. The SN IIP distribution is shown for reference result would be that it is solely a selection effect where SNe Ia go undetected in the central parts of galaxies due to higher levels of extinction and higher surface brightness. However, in Fig. 9 we show the SN Ia FrR, plot in a cumulative distribution, compared to that of 185 SNe II and 97 SNe Ibc (these results have been presented in Anderson & James 2009; Habergham et al. 2010 Habergham et al. , 2012 . This shows that while the SNe II also have a central deficit, SNe Ibc do not show any such deficit. Given that SNe Ia are generally more luminous than SNe Ibc (meaning that any selection effect against finding SNe in the central parts of galaxies should be worse for the latter), this suggests that the lack of SNe Ia found within the central parts of galaxies is a real, intrinsic observation.
In Fig. 10 we show a histogram of the radial distribution of SNe Ia compared to the distribution of on-going SF of their hosts. The mean FrHα is 0.560 (0.313, 0.031). As for the distribution with respect to the R-band light, the SNe Ia appear to explode at slightly larger galactocentric distances with respect to Hα emission. However, there is no large deficit in the central parts of the emission. This is also seen using a KS-test where the SN Ia distribution is consistent with being drawn from a flat distribution, i.e. one that accurately traces the radial distribution of Hα emission. In Fig. 11 the SN Ia radial Hα cumulative distribution is presented, compared to that of 185 SNe II and 97 SNe Ibc. SNe Ia appear to become more numerous per unit SF out to larger galactocentric radii than the CC SNe within our previously published samples.
Radial distributions of SNe Ia when split by light curve parameters
As was done for the pixel statistics analysis above, we now analyse whether there are differences in the radial distributions of SNe Ia when the sample is split by light-curve parameters. The sample is split by a median stretch of 0.984, and by the median (B-V)max of 0.106. In Figs. 12 and 13 histograms of the radial distributions of SNe Ia with respect to the R-band and Hα light are shown, with the sample split by stretch. In Figs. 14 and 15 histograms of the radial distributions are presented with the sample split by (B-V)max.
The mean values (together with standard deviations and standard errors on the mean), plus KS-test percentage values, and sigma differences between means are listed in Table 3 . The most significant difference between these various popula- tions is between the FrR distributions when split by SN colour. A KS-test shows the distributions to be different with a 0.3% chance probability of being drawn from the same underlying population. This difference is in the sense that 'redder' events are found more centrally within host galaxies, as also observed by Galbany et al. (2012) . Table 3 . Mean Fr values for each of the 8 distributions, with respect to both the R-band and Hα light. In column 1 the distribution name is given, followed by the number of events within that distribution in column 2. Then the mean Fr values are given together with their associated standard deviations and standard errors on the mean. Finally for each set of distributions (i.e. split by either light-curve stretch or colour) we list the KS-test probabilities that the two distributions are drawn from the same parent population, followed by the statistical difference (in terms of sigma) between the mean values of each population. Figure 11 . Cumulative distribution of the radial distribution of SNe Ia (in star-forming galaxies) and the CC SN types, SN II and SN Ibc, with respect to the Hα emission distribution within their host galaxies.
The environments of the 'reddest' SNe Ia
It has been shown that 'redder' SNe are generally found to both fall on regions of more intense SF and in more central parts of galaxies than their 'blue' counterparts. If these results are due to line of sight ISM then one may ask if there are SNe which are significantly 'red' but do not fall on star-forming regions or in the central parts of their galaxies? We define 'red' SNe as those with a (B-V)max value higher than 0.5. We then compile the data for these SNe in Table  4 where we present SN colours together with their Hα and near-UV NCR values, and their FrR and FHα values. We find that these 'reddest' SNe indeed generally occur within bright H II regions (as indicated by their NCR values) and in more central regions. The mean Hα NCR value for these 10 SNe is 0.232, higher than the 0.157 for the full sample. In addition, almost 60% of the full sample fall on regions of zero Hα flux, while this falls to 40% for these 10 SNe. In terms of their radial positions, the mean FrR for this sub- Figure 12 . Histogram of fractional radial distribution of the SN Ia population (in star-forming galaxies) with respect to the R-band light distribution of their host galaxies, when split by the median stretch value of 0.984.
set of events is 0.408, compared to 0.554 for the full sample, and the difference is more extreme for FrHα: 0.292 for the sub-sample, and 0.560 for the full sample. Looking closely at Table 4 there is only one SN where one may argue that the environmental properties cannot explain its 'red' colour: SN 2005ke (the rest of the sample either fall on regions of significant SF or in central regions).
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We note that this is the 'bluest' SN within this sub-sample. Below we further discuss the implications of this result.
DISCUSSION
In previous sections statistical distributions of SN Ia environments have been presented together with results characterising the prop- erties of the stellar light found in the vicinity of SNe Ia within starforming galaxies. Now we further discuss how these results can be understood in terms of progenitor properties and SNe Ia diversity. Table 4 . The environment statistics for the 'reddest' SNe Ia in the sample. Here we show all SNe which have (B-V)max higher than 0.5. In the first column the SN name is listed, followed by the (B-V)max in column 2. In columns 3 and 4 we present the NCR values derived from Hα and near-UV imaging respectively. Then the Fr R and Fr Hα values are listed in columns 5 and 6 respectively.
Implications for SN Ia progenitors
It has long been accepted that SNe Ia found within star-forming galaxies have shorter lifetimes than those found within elliptical galaxies, due to the longer lived population of the latter. Indeed, there is now significant evidence in the literature that late-type galaxies host brighter SNe Ia Sullivan et al. 2006; Kelly et al. 2010; Sullivan et al. 2010; Lampeitl et al. 2010; Gupta et al. 2011; D'Andrea et al. 2011; Johansson et al. 2013; Hayden et al. 2013; Childress et al. 2013; Pan et al. 2014) , and these events are generally assumed to form any 'prompt' progenitor channel. In the current work we have only included star-forming host galaxies within our sample. This is by design, as our main initial goal was to investigate the association of SNe of all types with host galaxy SF. Hence, we remove a large fraction the SN popu-lation which is distinct from that found in our sample. However, late-type galaxies have much more diverse stellar populations than those found in ellipticals, and hence one may hope that environmental differences exist that can be used to constrain progenitor properties. These involve the ages traced by different wave-bands analysed, together with metallicity gradients within spiral galaxies, and in addition the wide range of line of sight extinction found within different regions of star-forming galaxies.
Constraints on SNe Ia progenitor ages
SN Ia do not trace the Hα nor the near-UV emission, i.e. the ongoing or recent SF. However, they do seem to trace the B-band light extremely well (see Fig. 3 ). Going further redwards they do not trace the J-or K-band light. Qualitatively, this suggests that the dominant progenitor population in late-type galaxies is neither extremely prompt, nor significantly delayed. We speculate that the population is dominated by progenitors with ages of several 100s of Myrs. As our technique is statistical in nature, we cannot rule out extreme young or extreme old progenitors for any given SN. However, our results suggest that the B-band light distribution within star-forming galaxies is consistent with the stellar population which traces the peak of the SN Ia delay time distribution (DTD). Indeed, it has been argued by Childress et al. (2014) that this where the great majority of SNe Ia will arise from within these galaxies. Hα and near-UV emission trace stellar populations with ages of less than around 10 and 100 Myrs respectively. The fact that the SN Ia population investigated here does not follow the light of either tracer of SF constrains the majority of these progenitors to have delay-times significantly longer than these limits. The observation that SNe Ia in star-forming galaxies also does not trace the near-IR light distribution -as traced by J-and K-band observations-would also appear to constrain the majority of their progenitors to have significantly shorter delay-times than traced by these near-IR observations. While the SN population shows some degree of correlation with the R-band light, it best follows the B-band light. We use the output from the population synthesis models of Pietrinferni et al. (2004) to extract the population age where the peak flux coincides with the central wavelength of B-band filter observations (note, other such models give very similar results). We find that a population age of ∼750 Myrs matches well the wavelength range probed by B-band observations (which is demonstrated with a different set of models in figure 9 of Bruzual & Charlot 2003) . Hence, this constrains the peak age of progenitors within our star-forming galaxy sample to fall within a similar range. Raskin et al. (2009) , using similar pixel techniques to those used here (but confined to regions in the immediate vicinity of the SN), compared SN Ia environments to analytical galaxy models, concluding that even the 'prompt' SNe Ia progenitor channel exhibits a delay time of 200-500 Myrs, consistent with our more qualitative arguments above. An important point here is that Raskin et al. (2009) also commented that SNe Ia and CC SNe show a similar degree of association to the g-band light of their host galaxies. However, while we make no comparison between the two SN types with respect to g-band light (or more appropriately, Bband as analysed here), in Fig. 2 it is clear that SNe Ia do not follow the near-UV emission while SNe II (and other CC types to a higher degree, see Habergham et al. 2014) show almost a perfect one-toone relation to the recent SF. Hence, this shows that indeed one can separate the two SN types using multi-wavelength pixel statistics analysed for complete galaxies.
While the above argues against a progenitor population dominated by extremely young channels for the overall sample analysed, one may speculate that the 'prompt' channel is only a fraction of our sample. In § 4.1 we indeed separated the sample by 'stretch', where one would assume that the SNe with larger values (i.e. brighter events) are most likely to form the 'prompt' channel 16 . However, there is no difference in the association of the two SN groups with either on-going or recent SF. Hence, even the majority of the most 'prompt' SNe Ia in star-forming galaxies would appear to be constrained to have progenitors with delay times longer than at least 100 Myrs. We note, the statistical nature of our analysis does not rule out any particular SN having shorter lifetimes. However, we suggest that the relative rate of any population (if it indeed exists) must be quite small.
Radial distributions of SNe Ia: progenitor age or metallicity constraints?
In § 4.2 it was shown that the central parts of galaxies are underpopulated by SNe Ia, and that it appears unlikely that this is a selection effect given that SNe Ibc -which are intrinsically dimmer than SNe Ia-do not show any such deficit. This central deficit of SNe Ia with respect to CC SNe was also previously shown by Wang et al. (1997) . In addition, as one goes out to larger galactocentric normalised distances there is a suggestion that per unit SF more SNe Ia are being produced (see Fig. 10 ). One can attempt to explain these results through both progenitor age and metallicity effects. In this section we explore both these possibilities. A progenitor metallicity effect may manifest itself, when one considers that metallicity gradients are found within galaxies (central regions having higher abundances than outer regions, see e.g. Henry & Worthey 1999 ). Thus the above results could be interpreted in that SNe Ia prefer to explode within lower abundance regions of galaxies. Indeed there is some suggestion of such a trend in recent observational and theoretical works. Prieto et al. (2008) concluded that there is no significant low-metallicity threshold (below which SNe Ia are not produced) by investigating global host metallicities. Li et al. (2011) showed that the SN Ia rate per unit mass has a strong relation to host galaxy mass, with more events being produced per unit mass in lower mass galaxies. Quimby et al. (2012) also found an excess of dwarf hosts (i.e. low metallicity) in a sample produced by the non-targeted search of ROTSE-IIIb. These observational results were then used by Kistler et al. (2013) , who argued that lower metallicity progenitors will lead to higher WD masses which then elevates the SN Ia rate in low metallicity environments as a higher fraction of WDs are able to explode as a SN Ia. Indeed, a prediction of Kistler et al. (2013) was that the SN Ia rate should be higher in the outer regions of galaxies, which is suggested by our work. It is important to note at this point the earlier theoretical work which in fact predicted the opposite to the above. Kobayashi et al. (1998) proposed that SD progenitors should show a preference for high metallicity because of a lower metallicity limit for the production of SNe Ia. This is related to the strong wind blown by the accreting WD, which was required for the progenitor to reach the Chandrasekhar mass. If metallicity is too low then the wind is too weak for the progenitor to evolve to explosion (Kobayashi et al. 1998) . Observations (including our own) appear to rule out such a distinct metallicity effect. However, additional work is needed to further investigate this issue. One possibility is to measure the metallicity at the exact explosion site of SNe Ia. If SNe Ia indeed prefer higher/lower metallicity then one would expect that their explosion sites would have higher/lower values than average regions throughout their galaxies. Such analyses are now possible with the advent of wide field of view integral field spectrographs. It has also been shown that 'redder' events are found more centrally within galaxies. While we discuss this below in terms of progenitor age, and then line of sight extinction effects, it is also possible that this could be explained through a metallicity effect, which would imply that 'redder' SNe arise from higher metallicity progenitors.
Progenitor age could also be the explanation for our radial distribution results. Within star-forming spiral galaxies, in addition to metallicity gradients, one observes significant gradients in population SFHs. This is in the sense that the outer regions have SFHs dominated by younger populations, while more central regions have a much higher fraction of old stars. It has been observed that the SN Ia rate per unit mass is highly dependent on the colour of parent populations (galaxies), with Mannucci et al. (2005) showing that the rate per unit mass is much higher in galaxies with bluer colours. Hence, redder, older, more central stellar populations within galaxies have lower SN Ia rate per unit mass, providing an explanation for the lack of SNe in the central parts of the R-band light distribution of hosts. Indeed, this argument can also be used to explain that the elevated rate of SN Ia in low mass galaxies is due to a population age effect (rather than metallicity), as these galaxies are more actively star-forming, and hence SN Ia progenitor ages peak at the peak of the DTD, as outlined in Childress et al. (2014) . If this second effect of progenitor age is the dominant factor which explains SN Ia environment properties, then one may argue that metallicity plays only a minor role. Indeed, there are now several investigations which argue that progenitor population age is the dominant parameter which correlates with Hubble residuals, and that there is insufficient evidence for any metallicity bias within SN Ia studies.
A SN Ia sample in exclusively star-forming galaxies
The currently analysed sample is formed exclusively by starforming galaxies and lacks elliptical hosts. While the SN Ia rate per unit mass is significantly higher in star-forming galaxies (see e.g. Sullivan et al. 2006) , ellipticals still produce a significant number of SNe Ia. Distinct SN Ia populations are found in ellipticals and in star-forming galaxies. The population within ellipticals is generally less luminous with lower stretch values. We have found that SN Ia stretch does not appear to correlate with environment within host galaxies. Given the classic result of a correlation between SN light-curve morphology with host galaxy type -that higher stretch SNe are found in later morphological types-one may therefore ask how we reconcile this with our result showing no environmental differences stretch separated samples. It could be that our sample is biased in such a way to remove those SNe driving the global stretch trend. To investigate we analyse host galaxy T-types 17 for all SNe with estimated stretch values. In Fig. 16 we show the cumulative distributions of the SN Ia sample with respect to host galaxy type, separated by median stretch. The classic result still holds, in that the high stretch sub-sample has in general host galaxies of higher T-type. The difference between the two samples is significant at 17 Taken from the HyperLeda database: leda.univ-lyon1.fr. the 2.5% level when a KS-test is applied. We also investigate host T-type distributions when the sample is split by the median SN (B-V)max colour, and they are presented in Fig. 17 . This shows the possibly surprising result that 'redder' SNe are found in earlier Ttype hosts (significant at the ∼5% level). If one assigns the majority of SN Ia colour diversity to ISM effects, then one would expect the opposite result. We note that a similar result was presented by Smith et al. (2012) . This is possibly hinting at a metallicity effect, with 'redder' events occurring in higher metallicity (earlier Hubble type) galaxies.
In conclusion, while overall global host galaxy properties (such as age and metallicity) appear to affect the light-curve shape of SNe Ia, the specific stellar populations nearer to the explosion sites of these events do not seem to affect their properties. This is in contrast to CC SNe, where differences between global properties of host galaxies (see e.g. Hakobyan et al. 2014) are in general much smaller than differences of their nearby environments. The main driver of these differing results would appear to be the ages of the respective progenitors. CC SNe have lifetimes of at most several tens of Myrs and hence they have little time to move away from their parent stellar populations. On the other hand, SNe Ia most likely have progenitor delay times of at least several 100 Myrs, which gives both their progenitors time to move away from their birth sites, but also gives time for the population of stars at their birth sites to evolve significantly. This effectively washes out the information that can be gained on SN Ia progenitors from analysing the stellar populations at the exact explosion sites of SNe Ia.
SN colour with respect to environmental effects
One of our key findings is that 'redder' SNe are found to occur both nearer to bright H II regions, while at the same time closer to the centres of hosts than their 'bluer' counterparts. Given the results shown in § 4.3, one may worry that it is the reddest events which are driving these trends, where it is generally accepted that their 'red' colours do indeed arise from ISM extinction. To elucidate this issue we thus cut our sample to only include those SNe with (B-V)max<0.2, which leaves one with a more general sample similar to those usually used for cosmology. Again the sample is split by the median (B-V)max. The above findings are completely robust to this further analysis. In this sub-set of events the 'redder' SNe are generally found to occur close to regions of Hα SF, and at the same time within more central regions.
In Fig. 18 we present SN In regions of more intense SF one expects a higher degree of extinction, which is also expected for SNe occurring in more central regions. It is thus probable that the environments where these SNe explode are affecting their colours through line of sight ISM extinction effects, i.e. material in the line of sight reddens the light emitted by the SNe through extinction. A key property of SNe spectra which is assumed to trace the presence and amount of material within the line of sight is narrow sodium (NaD) absorption. The strength of this feature is often used to constrain the amount of host galaxy extinction towards SNe (see e.g. discussion in Poznanski et al. 2012 and Phillips et al. 2013) . Hence, within environments where one expects a higher degree of extinction -closer to H II regions or within more central parts of galaxies-one should also see higher absorption due to line of sight material within SNe spectra. The equivalent width (EW) of the unresolved sodium doublet (NaD) was measured for all SNe with available spectra using the method outlined in Förster et al. (2012) and further elaborated in Förster et al. (2013) . We then split the samples into those SNe with positive EW measurements, and those without. The results of this analysis are shown in in Figs 19 and 20, where we plot the Hα NCR and FrR distributions respectively for positive and zero EW measurement sub-samples. The results are striking. With respect to Hα NCR, we find that the samples are statistically very different with there being less than a 0.1% chance probability of the two EW distributions being drawn from the same parent population. Indeed only 2 of of 20 (10%) events with no EW detection fall on regions of positive Hα emission, while this jumps to 24 out of 36 (67%) for SNe with positive EW measurements. Fig. 20 shows that SNe with NaD EW detections are also much more likely to be more central within their galaxies than those without detections, with a ∼1% chance of the two distributions being drawn from the same parent population.
The simplest way to explain these results is that ISM material is causing reddening of SNe and also leading to NaD EW detections, where there is more ISM material in the line of sight of SNe when they are found to be coincident with H II regions and/or more centrally. (However, see Pan et al. 2014 who argue that colour diverstiy is not due to ISM extinction because of the non-correlation with host galaxy extinction as implied from the Balmer decrement.) Circumstellar material in the line of sight could also produce SNe which are both 'redder' and are found to more commonly contain NaD absorption. The presence of such material close to the SN could give clues to the true nature of SN Ia progenitors. This would then imply that environmental properties of explosion sites of SNe Ia are determined by a progenitor property and not simply a chance alignment of a SN with ISM material. A problem with this interpretation is that while it is possible that the radial distribution of SNe Ia could be explained, it is not clear how the CSM material hypothesis can explain that SNe are more often found within H II regions, given the large offset between the lifetimes of H II regions and those of SN Ia progenitors (where above we have suggested the latter must be more than several 100 Myrs). However, there are several observational results which further complicate this matter. It was first observed by Sternberg et al. (2011) that absorption of NaD in SNe Ia spectra show an excess of blue-shifted (with respect to host galaxy velocities) profiles. This was further confirmed by Maguire et al. (2013) , who also found that those events showing blue-shifted absorption also have stronger absorption components, and were generally found to occur within star-forming galaxies. It is very difficult to explain such blue-shifted profiles through ISM properties. In addition, both NaD absorption properties (Förster et al. 2012 (Förster et al. , 2013 , and SN colours (see e.g. Foley et al. 2011 Foley et al. , 2012a Maeda et al. 2011) have been shown to correlate with many other SN Ia properties, arguing that at least a fraction of their diversity is intrinsic to the SNe themselves (and not solely from ISM effects). We also note that the centralisation of 'red' SNe Ia could hint at a metallicity effect. This would then be consistent with the global host properties of our sample when split by SN colour, as presented in Fig. 17 .
Returning to Fig. 19 there is another intriguing observations that has yet to be mentioned. Around 25% of SNe Ia with NaD absorption detections fall on regions of zero Hα flux. It is possible that this is simply evidence of significant host galaxy extinction outside of bright H II regions. However, an exciting possibility is that these SNe are those where the NaD features are produced by CSM material. Future environment studies correlating the presence of blue-shifted Na D absorption with host galaxy SF may be particularly revealing in this context.
It is clear that distinguishing between the effects of ISM and CSM extinction for SNe Ia could have profound implications for the discussion of their progenitors. However, as the above shows, such a differentiation is observationally difficult. We have presented further evidence that line of sight material plays a significant role in determining some of the transient features of SNe Ia. Further work will be needed to further elucidate what this means for SN Ia progenitors.
In the context of previous work
A first study of the immediate environments of SNe Ia was presented by Rigault et al. (2013) . These authors measured or set limits on Hα emission at the locations of 89 SNe Ia, where they included elliptical host galaxies. Similar to our work, Rigault et al. showed that moderate stretch SNe were found in all types of Hα environment. With respect to colour they observed that 'redder' SNe were found in higher star-forming environments with a higher flux of Hα emission. This is equivalent to our finding using Hα NCR pixel statistics (see § 4.1.4 and Fig. 5 ). Unfortunately we are not in a position to test for environmental effects on Hubble residuals in our sample, as done by those authors, due to the low number of events which could be included in such an analysis. Wang et al. (2013) investigated how spectral velocities of SNe Ia correlate with local environment in terms of radial distributions of SNe (but using normalised distances in place of normalising to flux as done here) and pixel statistics with respect to u, g, r-band light (following the formalism of Fruchter et al. 2006 ). Similar to our findings, they found that overall the SN Ia population followed the g and r (somewhat equivalent to the analysis presented with respect to the B and R light distributions) reasonably well, but not the u-band light (see their Fig. 3) . Wang et al. in particular separated the SN Ia sample into high and low velocity events, claiming for two distinct populations given the differences in environment of the two sub-samples. High velocity events were found to be more centrally within hosts and also to explode on brighter regions (although note the lower significance of this trend in a separate sample as shown by Pan et al. 2015) . While these results are intriguing, we caution on mixing spiral and elliptical hosts when analysing environments. The stellar populations and their distributions are extremely distinct, and it makes more sense to analyse the two samples separately. Here we do not include such an analysis of environments with respect to spectral velocities within exclusively star-forming host galaxies, but such a study in the future may be revealing to confirm the above claims.
The radial distribution of SNe Ia was found to show a deficit in the central regions of spiral galaxies by van den Bergh (1997), as observed above (also see Wang et al. 1997) . Galbany et al. (2012) analysed the radial distribution of a sample ∼200 SNe Ia and concluded that SNe in the more central parts of spiral host galaxies SNe Ia have larger colours (or equivalent parameters) than those SNe in the outer regions, similar to what we have shown. A significant difference between our study and those previously is that we normalise radial positions to flux and not distance, meaning we are analysing where within the radial light-distribution SNe fall.
Overall the results we present are consistent with those previously presented in the literature. SN stretch does not show any significant correlation with local environment in star-forming galaxies, seen through either measurements of the flux at the exact explosion sites, or through analyses of the radial distributions of stretch sub-samples. However, SN colour does seem to show significant correlation with environment.
CONCLUSIONS
We have presented statistics on the properties of the environments of SNe Ia within star-forming galaxies. Our main findings are that SNe Ia best trace the B-band light distribution within their galaxies, while they do not trace neither the extreme young populations traced by Hα or near-UV emission, nor the evolved populations traced by J-and K-band light. It is found that 'redder' SNe are more often found both to be coincident with H II regions and are more centrally concentrated within their host galaxies. In addition, SNe with positive NaD EW measurements are also much more likely to be found in central regions and coincident with bright H II regions. Whether this effect is dominated by ISM or CSM material, or some other progenitor property, remains unresolved. We find a central deficit of SNe Ia with respect to the radial distribution of stellar continuum. Finally, the main conclusions to arise from this investigation are listed below.
The SN Ia population best traces the B-band light of their host galaxies. This is in contrast to the Hα, near-UV, J-and K-band light, where the SNe are inconsistent with being drawn from the underlying populations traced by those bands.
'Redder' SNe are found to occur closer to H II regions and also more centrally than their 'blue' counterparts. This implies that a significant source of SN colour arises from line of sight material producing extinction and hence reddening effects.
While we recover the host galaxy type stretch relation found by numerous previous authors, we find no evidence that stretch is related to environments within host galaxies.
SNe Ia within star-forming galaxies do not trace the underlying on-going (Hα) or recent (near-UV) SF. This implies that the dominant population of SNe Ia in star-forming galaxies do not originate from progenitors with delay times of less than a few 100 Myr.
Brighter SNe Ia within host galaxies do not follow the spatial distribution of recent SF, implying that even even those SNe Ia associated with a relatively young stellar population do not arise from extreme 'prompt' progenitor channels. This effectively rules out progenitor delay times of less than a few 100 Myr for all but a small minority of events A deficit of SNe Ia is found within the central 20% of the Rband stellar continuum. There is also a suggestion that more SNe Ia per unit SF are produced in the outer regions of galaxies. This observation could be a metallicity effect with lower metallicity populations producing a higher fraction of SNe. Or it could be explained through a progenitor age effect where the central regions of these galaxies have SFHs weighted to older ages, and hence more SNe are produced in the outer regions where younger stellar populations dominate. Table A1 . SNe environment statistical analyses values. In the first column the SN name is listed. This is followed by the NCR values derived from Hα, near-UV, B-band, R-band, J-band and K-band in columns 2, 3, 4, 5, 6, and 7 respectively. In columns 8 and 9 the Fr R and Fr Hα are listed. 
